What is claimed is: 
1. A composition comprising: 
a compound; and 

a semiconductor nanocrystal associated^^attf^the compound, the nanocrystal 
having a characteristic spectral emissioih^^^AX^erein said spectral emission is tunable to 
a desired wavelength by controUing^e size of the nanocrystal, and wherein said 
emission provides informatioar^bout a biological state or event. 



2. 



3. 



The comne^tion of claim 1, wherein the nanocrystal further comprises: 

-Vli^e^5evh\ c€>t^ac.4r«>r iJ^n^ocrv.^S'V^X 
a lay^ overcoating th e quantum dot , the layer being comprised of a material 



havm^ band gap greater than that of the quantum dot. 



The composition of clahn 1 , wherein the said compound has an affinity for a 



biological target. 



4. 



The composition of claim 3, wherein the affinity is a specific affinity. 



. The composition of claim 1 , wherein the biological state for which 
information is provided is selected^om the group consisting of: quantitative and 
qualitative presence of a biological moiety; structure, composition, and conformation 
of a biological moiety; and localization of a biological moiety in an environment. 




6. The composition of claiin^, wherein the biological evept-*c5fwhich 
information is provided is selected from the group cpiisisting of: interactions of 
biological moieties, alterations in structures ^pf^ological compounds, and alterations 
in biological processes. 



7. The composition of claim 1, wherein the association of the compound to the 
nanocrystaM^accomplished througlTan assoication selected from the group consisting 
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of covalent, noncovalent, hydrophobic, hydrophilic, electpMtatic, magnetic or 
coordination through a metal complex. 



8. The composition of^daim 1, wherein the association of the compound to the 
nanocrystal is acpefnplishedGi^ a bridging ligand, said ligand having a first end 
linked tp^dle nanocrystal and a second end coupled to the compound. 



< 




The composition of claim 4, wherein the affinity of the compound to the 
biological target is due to a noCcovalent, hydrophobic, hydrophilic, electrostatic, van 
der Waals, hydrogen bonding, or magnetic attraction. 



10. The composition of claim 1 or 2, wherein compound is a biological 
compound. 



t 




The composition of claim 10, wherein the. 



m3^s a biological 



compound selected from the groiip<t5nsisting of: proteins, peptides, nucleic acids, 
carbohydrates, cell§^.4ijJi3s, cellular organelles, signaling molecules/^ 



12. The composition of claim 10, wherein the compound comprises a peptide. 



13. The composition of claim 10, wherein the compound comprises a protein. 



14. The composition of claim 13, wherein the protein comprises an antibody. 



15. The composition of claim 14, wherein the antibody comprises a polyclonal or 
a monoclonal antibody. 



16. The composition of claim 13, wherein the protein comprises avidin or 
streptavidin. 
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17. The composition of claim 10, wherein the biological compound comprises a 
nucleic acid. 



18. The composition of claim n^^v^rdn the biological compound comprises a 



5 ^{ / ^an oligonucleotide. 




19. The composition of claim 18, wherein the oligonucleotide is at least 
approximately 20-30 nucleotides long. 



10 1^20. The composition of claim 17, wherein the biologicaljcompound is selected 

from the group consisting of: ribonucleotides, deo^QtriConucleotides, 



dideoxyribonucleotides and derivatives the] 




21. The composition of cldm 17 wherein the biological compound is selected 
from the group consi^tifig of; single stranded nucleic acid, double stranded nucleic 
acids, and tripjj^^randed nucleic acid clusters, HoUiday junctions, circular 
single-stj;afided DNA, circular double-stranded DNA, and DNA cubes. 



22. The composition of claim 1, wherein the compound comprises a small 
20 molecule. 

^jV- \ composition of claun 1, wjiefm the small molecule is biotin. 

24. The composition of claim 23, wherein the small molecule is an enzyme 
25 inhibitor. 

I 25. The composition of claim 1, whemifrthe compound is associated with the 

S y \ nanocrystal through a briding biotig^^vidin complex. 
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26. The composition of claim 1, whej&irfme compound is associated with the 
nanocrystal through a bridging bieiln: strep tavidin complex. 




i27. The compositi 



in the nanocrystal is water-soluble. 



The composition of claim 1, wherein the nanocrystal is a member of a 
-sttfas tontiaH y monodisperse particle population. 




29. The composition of claim 27, wherein the water-soluble nanocrystal 
comprises: 

a quantum dot having a selected band gap eijer^; 

a layer overcoating the quantum dot jfe^vercoating layer comprised of a 
material having a band gap energy gmat^ than that of the quantum dot; and 

an outer layer, the layep^6mprising a ligand having at least one Imking group 
for attachment of the copaj5ound to the overcoating layer and at least one hydrophilic 
group spaced apajMrom the linking group by a hydrophobic region sufficient to 
prevent eipefron charge transfer across the hydrophobic region. 
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30. The composition of claim 29, wherein the ligan^ 



;s the formula, 



H2X((CH2)nC02H)y and salts thergj 



feX is S, N, P or 0=P; n > 6; and z 



and y are selj 



[o'satisfy the valence requirements of X. 



The composition of claim ^9, wherein the linking group craiprises a moiety ^ 
selected from the group consisting of amines, thiols, phosphipe^ phosphine oxides,^ 
amine oxides. 



32. The composition of claim 29 ^wherein the hydrophilic group is selected from 
the group consisting of carboxyHc acid, carboxylate (-CO2 ), sulfonate (SO3 ), 
hydroxide (-0H), alkoj^id€s, ammonium salts (-NH4'^), and phosphate (-P04'^ and - 

P03^). 
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33. The composition of claim 1, wherein the nanocrystal^e^chibifsTess than a 10% 
rms deviation in diameter of the quantum dot. 
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34. The composition of claim 1, v^^terein a plurality of compositions exhibits a 
spectral range that is less thaiL^a^ut 40 nm at full width half maximum (FWHM). 



35. The copifJ^sition of claim 1, wherein a plurality of compositions exhibits a 
spectr^Wange that is less than about 25 nm at full width half maximum (FWHM). 




36. The composition of claim 1 , wherein the nanocrystal has a spectral range that 
is less than about 12-15 nm at full width half maximum (FWHM). 
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37. The composition of claun 29, whereiirtbe^nocrystal exhibits 
photoluminescence having quantum yield^f greater than 10% in water, 



38. The composition o^^mim 29, wherein the nanocrystal exhibits 
photoluminescence h^ng quantum yields in the range of about 10-30% in water 



The composition of claim 1, wherein the nanocrystal is a Group II-VI, III-V 
or IV semiconductor. 
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40. The composition of claim 1, wherein the nan^t^fystal is a ZnS overcoated 
CdSe nanocrystal. 



41. The composition of clajiin., wherein the nanocrystal has a narrow spectral 
range selected from the^jJectrum in the range of about 300 nm to about 1500 nm. 



The composition of claim 1 , wherein the nanocrystal has a core particle size 
selected from the range of about 12 A to about 150 A. 
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43. The composition of claim 1, wherein the compmisdis associated with the 
water soluble nanocrystal by means of covalent ajtdMment. 




44. The composition of claim 1, w)a^ein the compound is associated with the 
water soluble nanocrystal directl;^/(nrough a thiol or an amine group coordinated to 
the semiconductor nanocrystal^ 
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45. The compogiuon of clahn 30, wherein the compound is associated with the 
nanocrystal by^eans of covalent coupling of a carboxylic acid moiety with an amine 
group of Jme compound. 



□15 



20 



E.: 



46. A method of detecting an interaction between a compound and a^iological 
target, comprising steps of: 

providing a composition capable of a characteristic spectraff emission, the 
composition comprising a compound; and a semiconductor nanocrystal associated 
with the compound, wherein said spectral emission is turtle to a desired wavelength 
by controlling the size of the nanocrystal, and wher^Ki said emission provides 
information about a biological state or event' 

allowing a sample comprising a biolgg^al target to interact with the 
composition; and 

detecting interaction betweeii/me compound and the biological target by 
monitoring the spectral emission/^ the sample. 
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47. The method of ckrim 47, wherein the spectral emission is associated with 
assays selected from ine group consisting of: immunochemistry, 
immunocytochemi^ry, inmiunobiology, immunofluorescence, DNA sequence 
analyses, fluorescence resonance energy transfer, flow cytometry, fluorescence 
activated/dell sorting, diagnotics in biological systems, and high-throughput 
screwing . 



30 
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48. An apparatus for reading tMJ»itptir^ substrates encoded with 

multicolor fluorescent mark^r^ 
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